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ABOTuAGT

A high resolution x-ray diffraction technique has been
employed oin annealed single crystals of sluminum in crder to
arrive at an estimate of dislocation densities and distributions.
This work indicates that in annealed aluminua crystals the majorisy
of the dislocations are presant in an essantially random array
with dennities of the order of 10° lines/cm®. Small arple
boundarivs, which are commonly present, contribute about 10” to
10° 11ncu/cu2 to the dislocetion density. Comparison of crystals
obtained by growth from the melt and by recrystalliration indicates
that thers are no basic differences in the degree of crystal
perfaeticn obtained using the two methode of growth.
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Crystal Perfection In Aluminum Sirgle Crystals
Te Se ’iogglo and Jo, S, Koehler
University of Illinois, Urbana, Illinois

INTHODUCTION

It is generally accepted at the present time that a
type of orystal imperfectior. called a dislocation plays a very
important role in determinirng many of the properties of crystals,
The influence of dislocations on the properties of crystals
arises as a result of the inherert properties of a dislocation
and ita interactior with other dislocations or other types of
lattice dofects, Despite the recognired importance cf the role
of dislocations on properties such &3 mechanical strength,
damping and electrical resistarce, there has been but little
work done toward obtairing direct estimgtes of dislocation distri-
butions and dersities. This state of affairs is primarily due
to the lack of completely satisfactory methods of measuring
dislocation densities and distributions. iecertly developed
x-ray diffruction technique.(l)(z)(a’ cffer hope of improving
this situation, and as applied particulariy to metal crystals,
are capablie of giving semiequantitative estimates of dislocation
der.sities. In addition these methods can detect the presence of
and measure the magritude of u particular type of dislocation
distribution commonly referred to as & smull angle boundary,
Informatior of this kind 1is of importance in the interprevation

of physicul behavior in terms of dislocation theory.
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The present investigation was carried out tc assess the
posaibilities of using x-ray mesasuremsnts to determine the
dislocation siructure of reasonably well annealed aluminum single
orystals. In addition, single crystals of aluainum obtained by
diff==ant growing methods were examined to ascertain if there
wore measurable differences in the degree of arystal perfection
and Af any basic differences in the type or distribution of the
imperfections couid ve detested,

GEMERAL COMSIDBRATIONS

Xeray diffraction theory predicts that reflection of
X-rays from a set of lattice planes in a perfect crystal should
ogcur over an angular range of a few seconde of arce In
practice, it is found that most crystals give reflections over
an angular range in excess of ona minute., This spread in the
angular range can be interpreted in teraus of a mosaic bloek
structuras in which the angular range of orientationr is givem
by the spread of the reflection. This concept of a mosale
structure was initially introduced by Darwin{®) to account for
the observed intensities of reflections fro; real crystils.
Theory indicated that the observed intensities ocould be accounted
for by a mosaic block sise of mean diameter 10°% to 10°5 en.
This mosaic structure can be interpre’ad in terms of dislocation
distridbutions in which the boundaries between the blocks are
defined by dislocations, arl for the block sisss _bove would give
dislocation Jdensities of 108 %o 1019 linu/cazo
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In additlion to the spread ir the reflection ungle which
arises from the tilting of the Llocks, contributions to the
angular ratge of the reflectiors siuould arise duv to the sise
of the mosaic blocks and frum the strains aasocilated with the
preserce of dislocations,

Goctaoll(s, discusses the interpretution of the spread
of xeray raflections in terms of possible dislocation mcdels
for the case of tilting of the mosaic blockses The type of model
that he indicates should give the most iecliable estimates of
dislocation dersities consistz of a linear array of blocks of
mean size 1, each block tilted by the aryle a relative to its
neighboras, a being rardomly positive or negative, For this
case, thu probable angular deviation ¢ between two poirnts in the

crystal separated by the distarce L is given by:

* w a\l}‘.’ (1)

Assuming that the angle a 18 due to & sinpgle dislocation in the
block boundary, the probable angular deviation is related to the

dislocatior density by the relation:

o-b/g/"rr {(z)

vhere b is the Buerger's vector of a dislocation and(gp is the
dislocation deneity in !ines/ca’,

Extersion of this theory to the twoc-dimensional case and
to a derivation of the distribution function of the ohe-dimersional
model leads to results similar to equation (2) Il that the mean
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gquare deviztion incrsases witn increasing sample sise. The
conclusion from this is that il dislocation distributions are
cauontiall} random, then the expected angular deviations will
inoresse with increases in the crystal sise or of the region
investigated, This point can be checked experimentally. In
addition, the tilting block molsl indicetes that this source of
angular spread of the reflections is independent of the reflection
angle and offers the possibility of sorting out its contributionse
from other sourcaes of line broadéning which are dependent on the
diffraction anglae.

Tha particle sise broadening equation gives the increase
in the angular siread of the reflection associated with the sise
of the coherently reflecting ragion.(6) This relation 1s:

o SeN_
¥ 1cos O (3)

w = pxperimental line width

LA instrumental line width

A = wave length of x~rays reflaciad by the crysgal

@ = Bragg angle

1l = meen particle size
This squa*ion prediocts an increase in the line width due to
dacrensa in the particle sisze. For a given system (\,1 comstant;
the line width observed will vary as a function of secant 6, In
practice, the application of thizis rsletionship to the interpretation
of experimental data requires accurats knowiedge of the instrumertal
line widthe~wparticularly irn the cese of annealsd crystals whars 1
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5¢
is relatively large and the expected changes in line width ure

small,

The influonce of lattice strains on the angular range of
the reflections arises due to the change in the diffraction angle
with changes in the interplanar spucinges The shift in the reflection
angle 1is given by:

46 ® -~ & tan © (4)

where € = gtrain, € = diffraction angle,
A uniform struln will simply produce a shift in vthe diffraction
angle withont any change in the arngular range of the reflection.
llowever, a8 roneuniform struin v!11 give a coniribution to the line
width due to variation in €, The line width increussg Aw due %O a
range of etrain At is pgiven by:

Ow = Ae tan 6 (5)

Ir order to relate equation (5) to dislocation theory, tne
mean strain due to dislocations in a crystal can be estimated by
averacing the strain due to ¢ single dislocation over the region
surrourdir; the dislocation to points midway between adjucent
dislocaticnss This type of calculation can be carried out for edge

type dislocations and gives:
-2 b R ,
€ =
- n I log ro {6)

whare! ¢2

= the mear; square tensile or coupressive strain,
b = the Buerger's vector of a dislocation,

R = the radius of the regilon occupied by the aislocation
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Ty = the radius of a region around tie core of the
dislocation in which equation (6) &8s not appiicable
duc¢ to failure of the clasticity equations from
which (6) is derivad in the region of larpe strains
rear the canter of the dislocations 1Thia region
extends several atomic dimensions around the dislo~
catior and is given a value of 6 X 108 ca in
subaequeﬁf calculations,
Equation (%) gives the mean tensile strain in the reprion below a
positive edge dislocation, or the mean compressive strain in the
region above the Jdislocation, T{hus, the range of r.rain will de
twice the wmean strain, Téking this into ancount, and also that

1
R = ¥ we gat:

Aw = l./ol/z log 2}”%!7‘2 o tan © {7)
9

The increase in line width predicted by this equation would be due
only to edgs type disiosations since scorew tLype dislocations
introduce no dilution of the laatico.(‘b)

In addition to the souxrces of lins dbroadening discusseau
above, amall angle bounduaries are usually prasent in metal . y2%:is
and ere dezsctad readily by high anguluer resolution xe-ray diffraction
techniques, They are observed in an x-ray reflection as a displace-
nent tatwean one portion of vhe reflection and another. The angle
associateC with this displacament is a direct measure of the ansular
misoriertation ccouring st ths houndexry. The simplest tvpe of

bounduxry that can be constructed usling dislocations, consists of a
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sheet of barallel edge type dislocations of the same sipgr with a

mean spacing h betwsen the dislocations. For small angular mise
orientations, the angle of tilt of the boundary is: a =g  (8)
where: o = tilt argle of boundary b = Buergers vector of the
dislocations

High resolution xeray diffraction methods have been applied
to metal single crystals by several investigators, and their results
have irdicated that a higher derree of crystal perfection than
heretofore éxpected sowet imes exists in éarefully handled single
crystals obtained by recrystalligzation. Guinier and Tonnovin(l)
using & focusing Laue method, reported a maximum disorientution in
certain aluminum specimefis <i iess than 30 seconds of arc cver
regions livolving about 30 =, In terms of the tilting block
model for zatimuting dislocation dersities (equation 2), this gives
a disiocacion density or/c> = 2,3 x 105 lines/cm, Lambot,
Vassanillet, and Dojacc‘z' smploying & method similar to that used
in the present investigation, reported for Al and Fe single crystals
& maximum disorientation of 50 seconds of arce This corresponds
to a dislocation density of about 7.5 X 106 lluac/hnzo Cey, lilrsch
and Kelly"’ using a micro beum technique, report the upper limit
for the dislocation densities in annealed aluminum as 3 & 108
llnoujhpzo In that their work was carried out on polycrystalline
material, it is not clear thut their results are compuruble to

results obtained on singls crystals,
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EXPERIMENTAL METHODS

Begh purity aluminum single crystal specimens were prepared
in the form of square tensile specimens 1 cm square by & cm long
in the reduced section of the tars, Ore group of specimors was
prepared by the straineunneal method of uchwoupe, Lhober, and
Jackaon(7}a The other group oif specimens wore prepared by the
" soft mold " mechod(sj. Both groups of spscimens were prepared
from the same bars of hi-purity sluminum {99.99* 7° Al)%,

After the appropriate crystal growing cycles had been
carried out, the specimers were otched ir a macroetch solucion(9)
which was capable of showlng arlentation diiferences of about 1/230
The preser.ce or absence of visible disorientatiors or the etched
specimans wus used as & cricerion for sorting them into satisfzetory
and ursatisfastory categorics, :1ive%t of the specimens procassed
by the strain-snneal msthod recuired an anneal of 20 « 50 hours
at 6509C o eliminate isolated grains that remained after the
growing cvele. The yleld of satlafactory specimens was about the

sane for sach method, being slightly bette: than 50 per cent.

X~RAT METHOOS
The x-ray method used was essentially the same as that
described by Lambot, Vassamillet an& u:Jaco(z’. Our experimental
sot-up is indicated achematically in fipgure l. It employed a G.E,
CA7, coppsr target, xeray tube with the bean taken from the line
foous port at about A° to the plans of the target., A bent crystel

*Supplied by Aluminum iiesearch Laboratories, Aluminum Company of
AmerleRe
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monochromator intercepied this beum und reflected a monochromatic

beam which was convergart in the horisontal plane and divergent

- in the vertical plane. Vhen prcperly adjusted the monochromutor

gave a fine line focus in which the Cu « Ka d>ubh)2t was c¢leanly
resolved. The charactersitics of the beum ~htainad froam the
monochroaator are listed in Table 1,

Specimens were held ir a goiiometer which could be adjusted
80 thut the plure of the surfuce being investigated coincided with
the verticel axis of rotation of the roriometer which in turn had
been adjusted to coircide with the monochromutor focus. The
orienting of specimens to obtair reflections was facilitated by
prior knowledge of the crientation obtaired by the back reflection
method,

In the adjusting of the monochromstor, it was found cone
venient to employ a long foszal length microscope to observe the
focus on a fluorescent screen. Use of this method improved the
speed and reproducibility of adjustment over that of the photo~
graphic methode In addition, the use of a portable Geiger counter
to detect ard locate the reflection from the specimen facilitated
the accurate adjustment of the apecimen for maximum intensity of
reflection.

ieflectiors were registered or. film at a distance of cne
meter {rao the specimen, iixposure times varied from 10 minutes
for the (111) reflectior from aluminum to about 2 hours for the
{333) reflection. The films were scanned on a L and } microe

photometor and lire widths msasured at one=hulf the maximum f{lm
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density. lifure 2 shows scverol reflections obtained by this
mothod. Figure 3} shows u typical amicrophotometer record obtained
from an aluminum specimen,

Aperturing of the incident beaw was carried out to test
the predictions of the theory based oun the tilting block modsl,
This was accomplished by inserting lead slits into the path of the

; incident beam 2t a point about 1 um. in front of the specimen. By

this means the vertical height of the beum at the specimen could
be varied from (O,1 am to the full beam height without disturdbing

e

the monochromator or specimen adjustments and without sensibly
affecting the angular aperture of the incident bsan, These

é aperturing tests were carried ocut on aluninum specimen D, grown
from the melt, which fortuitously combined the attributes of a

good derree of crystal perfection andan orienctation such that ths
(111) reflectior could be obtaincd under nesily optimum expearimental
conditions. In additior, similur tests were carrisd out oh a quarts
crystal using the (2io) raflection. This relflection occurs at a
Bragg anglao very mearly the sume as the (i1ll) reflecticon from
aluminum.

Iy: order to deteruine the angular depondence of the line

widths, a rumber of reflections which covered the rerge of re=-

flection arnyles possible were obtairsd from one fuce of aluminum =
apecimen D, All reflections were obtained from the same region of

the spacizer, Threa veflagtions covering about ths same angular
ronge were ohtained from the quartz crystul for comparison.

A 3urvey was carried out or a number of aluminum specinans

e R
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for comparison betwecn the straineanreal ard the msltegrown speci-
mens. Reflections were obtained frcm each of cthe four faces of a
specimen, usually near the ccrtral region along the longth of the
specimen, Six specimens, three c{ the strain-anneal arnd three of
the meltegrown, were checked at two different positions separated
by about 3 cm along the langth of the specimen. ho significant
differences in the degree of crystal perfection wus observed
between the top ard bottom regions, so the balunce of the specimens

were exanired orly near the center.

RESULTS

Apervuring Tests: The results of the aperturing tests on
line widtha are tabulated in Table 2 ard summarized graphically
in fijure 4o The interpretation of the behavior observed is
reasonably direct, but requires some understunding of the ceocmetry
of th2a experiment.

If all possible puths are corsidered by which a8 ray can
arrive at and be reflected frow a point om the apecimen which is
centrally located with respect to one of the lines ir the focus,
it is found that there i3 a vertical angular range (vertical
anfuler aperture) of about 3/@° over which this can ocour. A8 a
result, the reflection from this poirt is registered an the film
as a short arc whose vertical langth correspoids to about 3/%° and
whose horisontal width is determined by cthe material giving the
reflection and by the apectral range present in the xe-rauy beam,

Points on the specimen which are clcose erough to each other will

gL P P
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give rsflactions which overiap and reinforce the intensity at the
film. This condition varies with the vertical position along the
focus. For reflection from points above and below the midpoint
of the focus, the vertical angular aperture is reduced, and the
direction of the ray producing the center o the reflascted arec
will no longer be horisontal, but will have a =mall vertical
inclinaticn, At the axtremities, the vertical aperture is very
small ard the mesn paths are inclined ut about 2° to the horisontal.
This can be seen in the reflections shown in figure 2 in which the
lines tepaor off in intersity at either end due to the reduction of
the vertical aperture at the top and dbottoun ends of the focus.
The central portions of the lines which are uniform in intensity
are from the central region of ivhe focus whares changes in the
vertical aperture and the inclination of the mean path are small,
This regicn of uniform intensity in the reflection is estimated
to correspond to the center 4 om, of thg focus, and this is the
region in which tha slits were used to define the beam haight.
In this portion of the reflection, the experimental line width is
detiermined by instrumental comtributions® ana by the angular
variations present ir the material in an area defined by the focal
width and about 1 mm, of length along the focus.

Inserting agiit to define the beam height at the specimen
will not aifwctv the line width in the sentr' 1 part of the reflection
* The insurumental contributions to the widths of reflections

Gotell by Luvhot, Vaoramiilet, und UeJacs (3] Lxcept for che
contribution due to spectral width, the instrumsntal contributions

for the reflections observed in the aperturing teats are quits
srall and lead to no serious errors if nepglected,
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urtil the sliv height becomes less thor the maxisum separation
distance of points yiving overlappin reflect.iona, For alits less
than this criticel size, the urea contributing to the reflection
is feduuod. In the aperturirg oxperiments, this critical sise
ecorresponds to about 1 mm,, und for slits in the range of 0,5 to
1.0 mm the vuariation in the lire widths qualitatively follows the
behavior predicted by equation (2), Uelow U.5 mm, the gradual
upturn ard shacp increase in the line width is believed due to
scetteriny: of the incident beaxz at the sdges of the slit, This
factor would becoms relatively more proncunced with decreasing
slit hei;hts as is evident in the large values of the line widths
for the Co1 mm slit.

Due to the limited ruange of slit sizes for which the line
widths .ary, it is rot possiblo to check in detail whether these
changes follow the square root relation of gquationm (2). A rough
check can be made from the ratic of the line widths for the 1.0 am
and 0,5 mm slit sises, This ratio is l.4§ for the aluminum
specinmen and 1,40 for the quarts. The racio expected from equation
{(3) i3 1,41, The agrecment between experinent and the tilting
block moiel theory is surprisingly good, particularly in view of
serious doubts that arise as to the applicability of a4 theory dbased
on a one~dimersional model ¢ & thrse-dimensional (or 2t bost quasi
two-dimensionsl) system. The importunt result of these measurements
18 that the beéhavior obsaerved is qualitatively consistert with the
behavior expected from a systen containing a random dislocation
distributiot.,
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Further cousideration of the applicability of equation (2}
to observations made during this irvestigation reveal some features
which are of interest. If wo use equation (2) to calculate
probable anpular deviations for widely separated points in the
crystal (L = 1 cm) for dislocation densities in the range of 106
linos/cnz %0 108 ltnoa/cnz, we obtain the following values for the
prooable angular deviation:

@ =2.2' ¢ =13' o9  g=1%
/o ,106 /d «\'107 ," ﬂlov

When the full beam 18 employed, the reflection obtained
comes from a rerion on the speclmen along a line about 1 cm in
length, ¢ can readily detect horigzontal deviations in the position
of the reflection of aubout 1 mir, and vertical deviations of about
10 min. In the absence of small angle bourduries, no horisontal
deviations from the mean refiection poesition were observed that
amounted to more than 1 or 2 alrutes. Mo verticcl deviations were
detecteds T[his indicates thut either tho dislocation deneitiee of
the specimuns observsd were of the order of 0% lines/ca® or less,
or that the tilting block model from which equation (2) is derivecd
is not a good reprosentation of the situation in a real crystal.

Variaticn of Line -.cth with Diffraction ingle: The
results of the measurements made 0 determine the deperdence of
the line width on the diffruction angle are tabulated in Table 3

and summarized graphically in figures 4 and 5. It 1s not possibdble
to decide from these graphs whether the data focllows the tangent 6

relatiosn for strain broadening, or the secant 6 relution Sor

particle size broadering. The rssults obtalnsd on the quarts are
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somewhat indefinite due to scatter in the points obtuined, Lislo~
cation densities calculated from the slopos of the curves in

figures 4 and § are tabulated in Table 4 along with the values

calculated from equation (2)., The agrecwent between the dislocation
3 densities estimated in the aluminum specimen by the tilting block
wodel and the purticle size relation i3 quite good.

The low dislocation densities obtairied from the strain
broadening relation as compared with the d ensitier estimuted from
the tilting block model and from the particle size relation

indicates that strains of the type considered in the derivation
of equation (6) are quite smali. The dislocation densities

tabuluted in Tuble 4 for particle sise broadenin; are calculated

T TR PR T R nRaT A

under the assumption that struin broadening 1s neogligidble, and

the strair broaderning values assume thult particle size broadening

4 is negligible. If the value for dislocation der.sitles given by

the tilting block model and by the particle size broadening relation

are acceptecd as the most reliable eatimates of the dislocation

density in the aluminum crystal examiried, the low Jislocation

dersity obtained using the straln brouderning reliation car only be

consistent wich tilting block arnd particle sise densities if the

dilations present are much smaller than ons would expect from most

dislocation arrangements. It can be consistent if: T -

lo Screw type dislocations predominate in annealsd

crystals., This appears to be a reasonable possibility,
since the strain cnergy of an edge type dislocation is
about 50 per cent groater than that of a screw dizlo.

4 cation,
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2. LEdge type dislocations, when present in annealed
orystals are in arrays which minimise the strain
energy of the crystal, One dislocation array which
is coomonly observed in metal crystals is the smail
. angle boundary.
¢ Survey of Aluminum Single Crystais: Comparison of the

straineanneal spscimens (numberced series) with the melt~grown
specimens (alphabet series) from the survey results as tabulated

St o Pl insu

in Table 5 indicates that on the average the former show a
3 sliphtly better degreo of crystul perfection. The rather

surprising aspect of this survey is thut there were a number of

meltegrown specimens which were comparable in 2ll respects to

the strainearneal specimens. In general, the degree of crystal
perfectior present in the melt-grown specimens is much bstter than
would be expected from information available in the literature.

In the melt—grown speciaens, the number of amall angle
boundaries intercepted dy the beoam was determined in part by the
angle the line of the focus made with the specimen axie. vhen
the focus was perpendicular to the specimen axis, it intercepted
on an average three times as many bounduries as when it was
parallel to che specimen axis, This indicates that the boundaries
tend to run parallsl to Lhe specimen axis (and the growth direction),
ho indications of a preferred direction of the boundarice was
observed in the strain-annezl specimons.

The'density of dislocations in the small angle doundaries
48 compuratively amall. lor the strain-anneal specimens, the

3
o b
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17.
avripe dersity of dislocations in boundaries is 6.2 x 104 unu/cnz,
and ‘ar the zsltegrown specimens lJft x 10% nnoa/uz. The line
width. of the straineanneal specimens tend to be slijhtly smaller

4 than thoswe (€ the melt-grown specimens. Annealing of several

F melte rcwn 8p. ‘imens produced no detectable changes ir the lirs

: widths, The aver ge corrected line widths for both groups of

1 speciming are 0,62' Cor the milt zpecimens and 0.45' fo the straine
anneal s,ocimens. The leuter value is about the same as odbserved

;.' for the (2.?0) reflectior. froa the juarts, The dislrcation
dersities coivespording to thess line widthe are 6 & ].06 11n“/¢mz
for the melt s:scimens i1 3.5 x 10" lines/ca? f¢. the strain

anneal specimns.,
Some L:sight az to ore of tle zources of variation in line
widths from sp.cimen to .pecimen is given by a series of micro-

Lo o e Bl it

photometer measuweaents o™ the (1li; reilcsiion from specimen D
and the (210) rerlection o the que ts, Lach reflection was
scanned at 0.5 om \ntervals along 't3s length over the certral § cm
of the line where the film density in the reflection was uniform,
The root mean square deviat'on of the measurements from the
aluminum spyoimen amounted t) 20 p«r cent of the correctad line
width, while the deviation fir ths guarts was 2 per cent. Close
visual examination of the aluiinua lines indicated that small
bulges were prescrt on the lines compare a and b in figure 2).
Some, but nct all of the melt-gro:n specimens gave reflections
with this type of variation in the linszs, whereas the streineannesl

specinghs raruly chowed this tyve of variation. Those variations

b %
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are thought to correspord to 8a.ll angle bawndaries which are not
resolved and represent anpulur disorientatione off leszs than about
20" of arc.

The comparable degree of perfection observed in the quarts
ard aluminum specimens is conaiztent with previous work which
employed this x-ray mt.hod.‘z’ Comparison of our results, which
weres obtained by reflection, with previous results obtainsd in
tranemineion(z’ do not indicate any sensible differences in the
degree of crystal perfection obsorveds This point is of some
importance, since the reflection method ¥ sess® only a thin
layer at the sirface and the question naturally arises as to whether
these surface observations are +~1so applicable to the interior of
the crystal. Ir that the transmission measurements mentioned
above were made on 0,5 mn thick specimers, it appears that our
measurements in reflectiorn ars raopresentative of the material te
a depth comparable to this,

Ths unexpected high degrce of crystai perfection in the
nelt-pgrowii specimens is probuably associuted with the crystal groewing
methoé cmployede MO attempt has beern nade tc date to ascertain
which of suavaral possible factors are of importance. The factors
that are different in the ' soft-mold® method from more conventional
methods ars the strength (or softress) and the radial thermal in.
sulation provided by the mold materiale. The softnsss of the mold

materizl veduces the possibility of strain due to ditferential
thermal cortraction in specimenc " keyed®™ 4n the mold, and in

addition, peruits sasy removal withcut the danger of accidentally
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damagines & specimene The radial thermal insulation prrovided by
the mold material combined with extraction of heat by conduction
fron the bottom of the mold favors a truly exial heat flow in

 zhe specimen during solidification. This last factor is thoupght

to be the more impartant of those discussed.

CONCLUSICKS

The use of high resolution xeray diffraction methods on
annealed crystals offcfa go&d possibilities of obtaining comsidere
able information about the dislocation densities ard distributions.
The present work indicates that in annealed aluminum single
crystals, the majority of the dislocations are present in
essentially random arrays and in demsities of about 106 linoo/hnzo
Small angle boundaries contribute but little to the overall
dislocetion density, contributing on the avarage about 10% ¢o 10%
lineo/bnzo

)c basic differences were observed between aluminum single
crystals prepared by the strain snneal method and those grown from
the melt, Ths nnjor diffarc ce Letween the two types of crystals
is that or_the average the number and angular range of small angle
bourdaries is less in the strain annesl ervatals,

Additional work is needed to confirm and expand the results
of this investigation. dixtension of ths work on the statistics
of Aislocation distributionse<bot.h experimental and theoreticale-
is particularly desirable. Experimental techniques diiferent
from those employed in this work should be investigated.
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TABLE 1
separation of Ka1 and Kaz +U8S mm
width of Koy at one-half m.ximum intensity 2UG8 mm
4idth of Ka, at ono-half raximum intensity «058 mm
Full width at background .ntensity level 20 omm
Vartical height 10 mm
liorigontal angular apertire . . o approximately 1°
Vorticel angular apertw 3 ¢ » o @pproximately 3/l.°
TA LE IX
Line Wiiths in .:linutes
9 — %
Aparture Corrected Corrected
3lic For For Average
Hedight Exporimcnta bpectral Ekporimoncal Spectral Corrected
Spegimen w5 Wideh? __ \/idth éldeh® _ wideh _ widvh
Aluninam Dol 1.72 1.27 142 082 1,04
D o2 1.10 068 1,08 048 256
0e§ 1,07 62 1,01 o4l 052
{111) 1,2 1.23 <78 1.33 073 276
‘ 2,0 1,0¢ 63 1.05 45 oS54
Reflection o, 1.25 : 1.23 263 7
Luarte Cold 1.28 «83 115 55 069
(210) Qo2 095 o0 093 33 ods2
ous 09’ 6‘08 095 035 0’02
Roﬂect?.on 100 1008 063 1015 055 059
260 1,07 02 1023 003 02
500 1,09 FaIN i,21 o6l 202

*  Averape of three microphotometer scanrings on the lines,
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TABLE :II i
{
s;:::inw Avgrage Live iidins in idputes *
Reflection E Ji Cnrrected® .idth Average
a a a Corrected
e - 2 Width
Aluminus
Specimer D
(11) 1.32 1436 83 o74 -78
220 2,09 1.6% 1,21 .gz «E4
222) 2.18 2.26 «93 o 79
(331) 2.88 3.12 086 .l.s 006
3422) 4+82 50ll 1,26 .70 98
333) 11.16 14.30 2,16 1,04 1.60
JUPrts
{210} 1,08 1.09 59 ok 52
(410) 1.50 1.80 29 20 24
(s%4) 7436 8.5. 1.16 A 60
4 Corrected for s ectral width and vertical aperture,
Jee Reference <,
TASLE IV
Specimen  Dislocation Uensities
iilting Block Jergaclg sis Strain
b 8 II
Aluninum D 602 x 10 1,18 x 10® 6.6 x 109 1.5 x 10%
Quarts 3.8 x 109 6.9 x 105 2 x 105--5 x 10® 4 x 10%--1x10% '
I oe L = 7,6 x 10"3cm = average width at the speciumen %
I] o= L = 1 x 10"3cn = effective vertical beam height
at the specimen »*
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Specimen
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Fig. |
Scherg\otic Diagram of Experimental Set-up
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Aluminum (H1)

Quartz (210)
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Avergoge Corrected Line Width-minutes
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6'30 ! 2 3 q 5

Apercture Slit Height-millimeters

Fig. 4

Effect of Aperoturing on the line widths of the (Ill) reflection
from Aluminum and the (2i10) reflection from Quartz.
Cu. Ka Radiation
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